Background--There is a paucity of data on the need for optimal medical therapy (OMT) in nonobstructive coronary artery disease . We sought to understand if there was variation in the use of OMT between hospitals for patients with nonobstructive coronary artery disease, the factors associated with such variation, and its clinical consequences.
T he mainstay of treatment for stable coronary artery disease (CAD) is optimal medical therapy (OMT) alone or in combination with revascularization, by either coronary artery bypass grafting or percutaneous coronary intervention. 1, 2 Multiple landmark studies have established the importance of these recommended therapies; however, this evidence has been principally demonstrated in patients with chronic CAD with significant obstructive coronary lesions. 3 More important, up to 62% of patients with chronic CAD undergoing elective coronary angiography have nonobstructive coronary lesions. [4] [5] [6] Patients with nonobstructive CAD are at increased risk of major adverse cardiovascular events, compared with those with no CAD. 4, 7, 8 However, there is less guidance on the best treatment for patients with nonobstructive CAD. Indeed, evidence to date, based on the National Cardiovascular Data Registry CathPCI Registry involving >780 US institutions, suggests that medical management in nonobstructive CAD is not as frequently used compared with patients with obstructive CAD. 9 However, there is a paucity of data on practice variation in nonobstructive CAD and its clinical consequences. Accordingly, the goal of our study was to address these gaps in knowledge. We used a population-level registry of patients with nonobstructive lesions assessed via coronary angiography for the investigation of stable CAD in Ontario, Canada. The specific aims of this study were to characterize the variation in OMT in patients with nonobstructive CAD, identify predictors of variations in management, and determine if such variation was associated with differences in clinical outcomes.
Methods
This study was approved by the Institutional Research Ethics Board at Sunnybrook Health Sciences Centre at the University of Toronto (Toronto, ON, Canada). On the basis of Ontario privacy legislation, the need for informed consent was waived for this analysis, because it was conducted at the Institute for Clinical Evaluative Sciences in Toronto. Consistent with this legislation, the data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.
Ontario is the largest province in Canada, with a population of 13.6 million. All residents have universal access to health care and hospital services through a publicly funded healthcare program administered by a single third-party payer, the Ontario Ministry of Health and Long Term-Care. Our study used data collected by the Cardiac Care Network (CCN) of Ontario. The CCN Cardiac Registry captures data from the 19 hospitals that provide invasive cardiac procedures across the province. A prospective clinical registry of all patients undergoing coronary angiography, percutaneous coronary intervention, or coronary artery bypass grafting is maintained by the CCN. The CCN Cardiac Registry contains demographic, comorbidity, procedural, and anatomical variables, which have been validated through selected chart abstractions and core laboratory analyses. 10 
Administrative Databases
Data from the CCN Cardiac Registry were linked using encrypted unique patient identifiers to population-based administrative databases housed at the Institute for Clinical Evaluative Sciences. We used the Canadian Institute for Health Information Discharge Abstract Database and the National Ambulatory Care Reporting Service database, which contain data on all hospitalizations within the province and emergency department visits, respectively. Physician visits and consultations tracked in the fee-for-service claims history were obtained from the Ontario Health Insurance Program physician claims database. Physician demographics, specialization, and workload data were obtained from the Institute for Clinical Evaluative Sciences Physician Database. Data on medication prescriptions were obtained from the Ontario Drug Benefit (ODB) database, which contains drug use information for all patients >65 years, for whom universal drug coverage is provided. Mortality was determined through linkage with vital statistics in the Registered Persons Database.
Patient Selection
All patients undergoing elective coronary angiography between November 1, 2010, and October 31, 2013, for the indication of stable CAD were included. We restricted the cohort to patients who were at least 66 years old with a valid health card at the index angiogram. This would then allow for a 1-year look-back period to ascertain baseline medication use through the ODB database, which is restricted to patients 65 years and older. We excluded patients with revascularization (percutaneous coronary intervention or coronary artery bypass grafting) before their index angiogram and those with a prior myocardial infarction (MI). We excluded both patients with normal coronary arteries and those who had obstructive CAD at their index angiogram. We defined obstructive CAD as >70% obstruction in any of the left anterior descending artery, circumflex artery, or right coronary artery, or >50% obstruction in the left main artery. 11 For patients who had multiple angiograms during the study period, the first angiogram was considered the index angiogram.
Primary Exposure
Our primary exposure of interest was OMT within 1 year after the angiogram, based on prescription data from the ODB database. Because patients could transition into OMT with time, we treated this as a time-varying covariate. We chose a 1-year time period because we anticipate this is to be a period of medical intensification after the index diagnosis of CAD. Consistent with published literature, we defined OMT as the concomitant use of an anti-ischemic medication (b-blocker/ calcium channel blocker/nitrate) and a statin in all patients, whereas either an angiotensin-converting enzyme inhibitor (ACE-I) or an angiotensin receptor blocker (ARB) was required only in patients with any 1 of left ventricular dysfunction (<50%), diabetes mellitus, hypertension, kidney disease, previous stroke, or peripheral vascular disease. 12 We assumed that once a patient transitioned to OMT, the patient continued to receive OMT for the remainder of the observational period. We estimated the degree of medication compliance by measuring the medication possession ratio,
Clinical Perspective
What Is New?
• We found that there was low uptake of optimal medical therapy after angiogram confirmed nonobstructive coronary disease and the lack of optimal medical therapy were associated with an increase in hospitalization.
What Are the Clinical Implications?
• Our study suggests that an optimization of medication after angiography is necessary, and the angiography should act as a catalyst for considering this change in the intensity of therapy.
defined as the proportion of days that a patient was taking the medication from the first prescription date to the end of follow-up.
Although there is no universal definition of OMT, these medications are strongly recommended by contemporary guidelines as class 1 indications and have been used in previous publications investigating the use of OMT in patients with stable CAD. 3, 12 Aspirin, although a strong recommendation, was not included in our analysis because it can be obtained over the counter in Ontario, which is not captured in the available databases. As such, we could not reliably quantify aspirin use.
Outcomes
Patients were followed up from the date of their index angiogram to March 31, 2015.
Our primary outcome was all-cause mortality within the follow-up, as defined previously. Our secondary outcomes were all-cause rehospitalization and rehospitalization for nonfatal MI. Nonfatal MI was determined using a validated algorithm of International Classification of Diseases, Tenth Edition (ICD-10), codes.
13,14

Statistical Analysis
We compared baseline characteristics of patients who were receiving OMT with those who were not receiving OMT. For univariate analyses, t-tests were used to compare continuous variables and v 2 tests were used to compare categorical variables. A hierarchical multivariable logistic regression model was created to determine the adjusted odds ratios (ORs) of patient-, physician-, and hospital-level predictors of receiving OMT within 1 year. Patients were clustered at the hospital level to account for similarities within each institution. The covariates in this model were determined a priori based on known cardiovascular risk factors and typical comorbidities; in addition, we included the baseline use of nitrates/calcium channel blockers/b-blockers/statins/ACE-I/ARB before the angiogram in our models. We assessed for colinearity by variance inflation factors; on the basis of this, we excluded hypertension in the models. As a sensitivity analysis, we repeated these models without including baseline medications, but with all other comorbidities, including cardiovascular risk factors (diabetes mellitus, hyperlipidemia, and hypertension). As an additional sensitivity analysis, we removed all the patients who were receiving OMT at baseline and repeated these models. To quantify the degree of variation between hospitals in the use of OMT, we calculated the median OR (MOR), which is used for quantifying the magnitude of the effect of clustering when using a multilevel logistic regression model. The MOR is defined as the median of the set of ORs that could be obtained by comparing 2 patients, 1 at higher risk and 1 at lower risk of the outcome, with identical characteristics from 2 different randomly chosen hospitals. 15 Specifically, the MOR is a measure of variation between different hospitals that is not associated with the modeled risk factors. 15 As such, we calculated this metric for the null model (the model with only the random effect) and then sequentially for the models that included only patient factors and then the full model with patient, physician, and hospital factors. We used bootstrapping to obtain 95% confidence intervals (CIs) around the MOR estimates. Fully adjusted Cox proportional hazards models were developed to examine the relationship between receiving OMT and clinical outcomes. To control for potential immortal time bias, we treated OMT as a time-varying covariate. Robust "sandwich-type" variance estimators were used to account for potential homogeneity in outcomes for clusters of patients treated at the same hospital. As a post hoc analysis, we repeated our models, separately evaluating cardiovascular versus noncardiovascular readmission, based on the ICD-10 codes found in Table S1 .
All data analyses were performed using SAS version 9.3 (SAS Institute Inc, Cary, NC). Statistical significance was considered to be a 2-sided P<0.05.
Results
Cohort
A total of 166 299 angiograms were performed from November 1, 2010, to October 31, 2013, of which 68 062 were performed electively to evaluate stable CAD. We identified 5413 patients who met our inclusion criteria ( Figure 1 ). Within 1 year after the index angiography, 2554 (47.2%) of these patients were receiving OMT.
Baseline characteristics of these patients are presented in Table 1 . Several differences were noted between the 2 groups. Those patients who were receiving OMT within 1 year had a higher prevalence of cardiac risk factors (ie, hyperlipidemia, hypertension, and diabetes mellitus), as well as comorbid conditions, including prior stroke and peripheral vascular disease. This is reflected by a higher Charlson comorbidity index score in these patients. Interestingly, the non-OMT group had a high prevalence of patients in the higher-income quintiles.
Medication Use
In Table 2 , the proportion of patients taking each class of medications is shown, both 1 year before the angiogram (baseline) and in the 1 year after angiography. Within 1 year after angiography, 69.7% of all patients were using ACE-I/ ARB, whereas 78.4% were using a statin. Anti-ischemic medication use was lower, at 53.1% for b-blockers, 17.4% for nitrates, and 40.6% for calcium channel blocker. More important, in the OMT group, there were substantially more patients who were already taking each of these classes of medication before the angiogram compared with the non-OMT group; for each medication class other than nitrates, there was an increase in use in the OMT group from baseline to 1 year. In contrast, in the non-OMT group, not only was there substantially lower baseline use, there was also a decrease in the use of all classes of medications, with the exception of statins, from baseline to 1 year. As seen in Figure 2 , we observed a 2-fold variation in use of OMT across the sites, ranging from 30.4% to 61.8%.
To determine the degree of medication compliance after OMT, we evaluated the medication possession ratio in the OMT group during the observation period, starting with the first prescription date after angiogram to the end of the follow-up (March 31, 2015) or death date (Table S2) . On average, once a patient was categorized in 1 of the OMT medication classes, the patient continued to receive these drugs for >80% of the follow-up. In contrast, only 1.8% to 6.3% of the non-OMT patients transitioned to OMT per 3-month block during the follow-up.
Predictors of Receiving OMT
The most important predictor of receiving OMT in the 1 year after angiography was receiving each of these medication classes at baseline, specifically 1 year before the initial angiogram (Table 3 ). In particular, receiving an ACE-I/ARB if indicated or a statin before the angiogram was the strongest predictor of receiving OMT in the next year. Reduced left ventricle function (<35%) increased the likelihood of receiving OMT (OR, 1.51; 95% CI, 1.01-2.26) compared with patients with >50% left ventricle function. Patients with high-risk functioning imaging also had a greater likelihood of receiving OMT compared with low-risk patients (OR, 1.21; 95% CI, 1.00-1.47). There were no significant hospital-or physicianrelated variables that predicted the likelihood of receiving OMT.
Between-Hospital Variation
The MOR for the null model (the model with only the random effect), which quantifies the degree of variation between hospitals not explained by the modeled covariates, was 1.20 (95% CI, 1.18-1.21). To put this value into context, in comparison to the ORs that predict receiving OMT for most patient-level characteristics (Table 3) , the MOR was of a lesser magnitude. This suggests that unexplained between-hospital variation was not as relevant as patient-level characteristics for understanding what drives the use of OMT. When patientlevel factors were incorporated, almost all the betweenhospital variation disappeared, with an MOR of 1.03 (95% CI, 1.03-1.05). To test how much of this variation was associated with baseline medication use, we repeated our model with patient factors but without the inclusion of baseline medications, and found an MOR of 1.22 (95% CI, 1.21-1.23), essentially that of the null model. This suggests that almost all of the variation between hospitals was associated with differences in practice patterns on the use of baseline medication in each of the 5 drug classes of interest.
Sensitivity Analysis: Excluding Baseline OMT
When patients who were receiving OMT at baseline were excluded, we were left with a cohort of 2883 patients. Only 507 (17.5%) of these patients subsequently were given OMT during the 1 year after index angiography. The only predictors of OMT in this cohort were hyperlipidemia (OR, 1.26; 95% CI, 1.02-1.56) and left ventricle function <35% (OR, 1.85; 95% CI, 
Discussion
In this population-based study, we found that %47% of patients with nonobstructive CAD were treated with OMT within 1 year; however, there was a 2-fold variation in the proportion of OMT use between institutions. Almost all of this between-hospital variation was associated with differences in baseline medication use. The variation in OMT had clinical consequences because we found that receiving OMT after angiography was associated with a reduction in all-cause hospitalization.
There are clear guidelines for medical management of stable obstructive CAD, which include aspirin, ACE-I, or ARB in appropriate patients, an anti-ischemic agent, and statins. 14 Despite these guidelines for management of stable obstructive CAD, previous work from our group and others has demonstrated that OMT is underused in this patient population. 1, 2, 14, 16 In contrast, there are no definitive guidelines for medical management of nonobstructive CAD, and there is substantial uncertainty as to what constitutes OMT in a population of patients with nonobstructive CAD. We chose a relatively stringent definition, similar to that in obstructive CAD, so as to provide context to our findings. Our findings add to this body of literature. We demonstrate that fewer than half of patients are prescribed OMT within 1 year of receiving a diagnosis of nonobstructive CAD after angiography. Moreover, there is marked variability between institutions in Ontario. To our knowledge, this is the first study to demonstrate such variation in OMT use. We found several novel insights into the underuse of medications in this population. The strongest predictor of receiving appropriate medications after a confirmatory angiogram was receiving those medications at baseline. In fact, the hospital variation was primarily associated with differences in baseline practice on medication use before the angiogram. Indeed, the angiogram itself does not appear to be a catalyst for medication optimization. This suggests that the increased cardiovascular risk of those with nonobstructive CAD compared with those with no CAD may not be fully appreciated and that there may be room for quality improvement.
The overall low proportion of patients with nonobstructive CAD who were prescribed OMT in our study (47.2%) may be related to several factors. First, patients may have contraindications to the medication classes. Unfortunately, the clinical registry that was used in our study lacks the granularity to determine the degree to which contraindications may have contributed to the lower use rates. Second, there may be a perceived lack of benefit from secondary prevention in the patients without obstructive CAD. This may explain why, in many patients, there was actually a decrease in the use of these medication classes over 1 year after angiography. This is despite the available evidence suggesting that individuals with nonobstructive CAD have an increased risk for adverse clinical outcomes compared with patients with normal coronary arteries. 4, 7, 8 Moreover, there is evidence that medical therapy (in particular, aspirin and statins) improves clinical outcomes in patients with nonobstructive CAD. 17, 18 Consistent with this, we found important differences in clinical outcomes in patients receiving OMT, particularly being at lower risk for all-cause hospitalization compared with those who were not receiving OMT. Interestingly, in our post hoc analyses, we found that this was primarily attributable to noncardiovascular readmissions. The reasons for this are unclear. It may be because our study was underpowered for cardiovascular causes; alternatively, the use of OMT may be a surrogate for better overall care. However, we did not find any difference in mortality or readmission for MI. Although our study was not designed to elucidate the reasons for this finding, we can hypothesize that this may be related to the fact that we classified CAD burden dichotomously as either obstructive or nonobstructive, because of limitations in the granularity of the data available in the CCN Cardiac Registry. Patients classified as having nonobstructive CAD may have a range of coronary CI indicates confidence interval; HR, hazard ratio; MI, myocardial infarction; and OMT, optimal medical therapy. *The HR is adjusted for patient, hospital, and physician factors. See Table S4 for the full model. atherosclerotic burden, from minimal stenosis (ie, <20%) to 69% stenosis. Therefore, if we had separated the nonobstructive CAD group further into groups by degree of stenosis, patterns in the associations between burden of disease, clinical outcomes, and the response to OMT may have emerged. Maddox and colleagues grouped patients into several categories of coronary atherosclerotic burden in a large retrospective cohort study of US veterans and found that the 1-year risks of MI and all-cause mortality were related to severity of CAD. 4 Our study has important implications for practice and future research. Given the variation across sites was associated with low baseline medication use, this suggests that there was lack of medication optimization after angiography. Our study was not designed to determine the root causes of this, and it is an important area of future study that will likely require a mixed-methods study design. Such research may highlight potential areas for quality improvement.
Our study must be interpreted in the context of several limitations that merit discussion. First, we quantified obstruction based on anatomical angiographic findings without considering functional studies to correlate with other physiologic compromises, such as fractional flow reserve. Second, the provincial drug database (ODB) only includes records of prescriptions that were filled and does not necessarily ensure that there was drug compliance. Moreover, we made the assumption that once patients transitioned to OMT within 1 year, they remained on it. We quantified this by measuring the medication possession ratio and found that, on average, a high proportion of patients remained on the OMT medications. However, this assumption combined with the fact that a small percentage of non-OMT patients transitioned to OMT after 1 year would bias our results to the null. It is reassuring that despite this bias, we found a clinical benefit to OMT, underscoring its importance in patients with nonobstructive CAD. In addition, we were not able to document the use of antiplatelets, specifically aspirin. Finally, we only included patients who were 66 years and older in this cohort to be able to retrieve prescription data from the ODB database (which only includes data for patients 65 years and older) for all included patients up to 1 year before their index angiogram. It is unclear if the results would be any different had we been able to include younger patients in this study, but this should be taken into consideration.
In conclusion, this study found relatively low rates of OMT among patients with nonobstructive CAD. Furthermore, there was up to a 2-fold variation in rates of OMT between institutions, which was strongly associated with differences in preangiography medication use. The use of OMT was associated with improved clinical outcomes. These findings highlight an opportunity for quality improvement. 
